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Although women comprxse the maaog;ty of the e

pOpulatxon, fewer than 9 percent: are employed as scientists and
gxneers Regearch 1nd1cates that g rééhhava poorer attitudes toward
)sc ce, enéoll less - often_ in science cvurses, demonstrate lower
achxevement levels in §c1ence, and have fewer experiences with

scignce materials or, instruments.-Among the factors identified as .

‘contributing to the dearth of girls and women in science caurses and

careeys. are socxai factors (role models, sex roia stereotyping), v

)
o
[+ 7
o
0
]
(a4
el
o
(8-
&
™
h
L)
1]
(a4
0
3]
]
G
=}
3]
o
[P
[EFR
8
[
-
(a4
ko]
)
. 4
(ad
o
(i, )
=}
N
'U
[
2]
o
-}
g
Ny
L x4
;]
.
Ke)
-1
[
-

expectations, §i§§§5665 and . éxffééuff:éuiar actiyities), and personal

- factors (sSpatial visualization). This paper examines each type of-

factor and-suggests ways to eliminate negative ones. Briefly,. the
effect of sex/role stereotyping of physical science courses and :
caredrs as masculine deters entrance by, and Tetention of, adolescent
girls; Furthermore,; the lacR of female role models has a: negatxve

| effect,; particularly on ’early-adolescent gifls. In addition, girls
~have. fewer opportuﬁxtxes to develd§ spetxal visualization:skills,
which may be angxmportan; factor in science achievement. However, the
most critical difference occurs within science classrooms. Research’
shows' that girls have fewer experxences with science instruments,

. materxals, or technxques. This difference must -be addressed by every

science teacher to elxmxnate 1nequa1:t1es in science éducatxon.
(Author/JN) §
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Although women comprlse the maloruy of our pop'uldtlpn fewer than 9% are employed

) < ' asscientists and engineers. As the nation @ addresses the need for improved scientific literacy as
P -t . well as for increased numbers of scientists; technicians, and engineers, the role of wome
- no longer be |gpored Research indicates that gu']s.ht}ve poorer attitudes toward science. enoll

ucllon gualllv

e . m _.
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. R - . les$often in SClence coutses, demonstrate lower achlevement levels in scrence and have
fewer ekperlepgqs ‘withi the instrumenys or materla}‘s of scienca, i h - : S
] Marly factors have been iddntifted as contrlbutmg to the dearth of glrla and women igg*
o LN science courses and careers. Among them are social factors iole tiiodels and sex role stergo- , -
typmg) educatncmal factors (enrollment patterns. parent/teac er expectatlons classroom and X
. : each type of factor and-suggests ways to eliminate negative ones. Brneﬂy the effect of sex/role
L N ,s,t,‘?,r?qt,g?',q,g,q,f physical science ceyrses and carpers as masculine deters the entrance into and
L R i . theretention pr'dofescent girls. Furthermore.the lack of female role models in scnence hasa )
* niegasive effacy; particalarly on satly adbléscent girls; Jn addi 'ﬁrls have fewer opportuni- . _ :
ties to develop ¥patigl visualization skills than boys do Suchskillst may be an important fagtor 7
A in science achmvemént P - L t
- ) ; HoWeVen. e m critlcal differefits in the sciefice educratlorrof boys and g;rlrsﬁgcicpirrsr T
within the sclence classrqoms Research shows that girls have fewer expernences ith the-
- *  instruments, materlals or techmques of scnence Thls drfference must be addressed by every 1

science teach ]
long ag the majority of ¢ our citizens have fewer opportumtnes to observe natural phenomena to

v
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, use s scnentlflc lﬁstrumdnt's to perform scnence experlménts or} to go on science-related field . . .
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The Bisadvantaged Majority Selelze Education ovf Women

. 3 v

(G Q\ i Our chlldren and our students are pemcipents ina complex process that equips oiie sox with

o math, science, and tethnical skills indispensable to functioning in the adult world, while it

. fails to encourage the same development in_the_other_sex: Although the lives of individaal D . -
;- - women are the most riegatively and directly aftected ‘the, loss to both sexes is immense. ’ o
. (Skolmck Langbokrt &Day 1982 p.2) . o . _ . ; -
do - ‘ : ! . .

. ‘ ‘ 5

L - iﬁiiﬁ&iiéiioﬁ

k In the Umted States women comprise approxrmately 50% of the work force, yet only 9% are
employéd as scientists and engineers. Factors contributing to this situation have been analyzed _
in reseaach studies in both the United Statesiand Great Britain; Explanatlons for the® lack of
) women in sgience have ranged from differences in spatial abilities linked to a sex-linked gene ‘
. [Head 197".)) to differences in early chlldhood toys and games ‘(Hardin & Dede; 1973) Although

t societal, jducatlonbl ard personal factors are all 1nyolved differences within the science ° .

Classroom n'Iay be the basic reason Why fewer women«study sGience or pursue s‘t:rentlflc careers:
¥

Y P B o Ratlonale o
Altho» h the lack of women in advanded smenee courses and in scnentlfu: and technologtca_lm_— -

B .. M N

) careers is accepted the causes of this s1t«uatlon are argued: Some malntam that society itself is

responsib. others argue that biological. differences are the reason; still other§ suggest that

wi

Western c{iltuse is at fault: The pervasivéness of the problem ard the complexity of its under- o

.« lying causds defy simple solntlons In the past; researchers have examined sociological; cultural;

biological; preducational factors in isolation. Although their studies have explicated the corn- R

’ e plexity of t"egproblem they have prov1ded few pragmatic solutions. :
: search from soclology. science educatlon matheanatlcs

- o The 197'{' 'thonal Assessment. of Educatlonal Progress survey of science contalned items ~ %
. qssessmg bot Sxi;derstandlng of scierice and. attitudes toward science (NAEP, 1978a] Achieve- :

. & ment dlfferen: s have been fOUnd between boys and glrls at ages 9 lg\and 17 Glrls average

.describe scienc&_¢lasses asy borlt}g 'Girls algo answer ﬁtatﬂheydo niot like td\attend sc1enCe
classes and are bftén afraid to ask questlons Although 9-year-old girls respond that scietice does
* not makgthem fee successful most of their feelirigs are positive arnd comparable tothose of -
. 9-year:zo ?d _boys. Ho""ever , by ages 13 and 17, girls state that not only does science fail to instill =
' . feelings of corrﬁd, ge,’ sUccess." or. curlos1ty, but also that=~1t """ k” them feel sglpld '
' Responding to questions concernmg sc1ence as a career choice, 13 and 17- year-old gll‘lS feel that
g working 1nsc71encerw uld not ‘be fun,” would be too‘much work and would not be an endeavor ;-
they ‘toiild do well."\In-addition, fewer girls than boys want to ‘work with scientists to solve’,

probleims,’ ‘fuake field, studies; or ‘read science artlcles They are léss mterested in learmng -

*ahout seience careers. ',‘ . .
" Additional respdn #s provnde 1nsnghts into the girls’ perceptroﬁs of science and its Impact :
) . om their éveryday lives: \For example; 17-year-old females find science tiésefﬁl in choosing foods . -
. ' 4nd v1tamin?as wéll'as in cooking, but they;do not consider science involved in driving a car. - .. :
Addltlonal data indicate that neﬂﬁer 13- nor 17-year-old glrls thmk that they use,screntlflc S

Q M
]

especrally, 17-&\-old glrls respond that sc1ence coursescqnsnst of facts le memouz'.e. and they
c |
0
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little faith in scrénce s abrlrty to solve problems concermng agriculture. meteorology, energy,

warfare; overpopulation; and conservatron Female responses to attitudinal items overwhelms

mgly document poorer attitudes toward science, less understandrng of science, and l;:ss 1nterest '

in sc1ent1f1c careers. . . o o R .
: o PN > : I
. . e ”
1

. ~ ‘Research . T
* Since poor attrtudes are drrectly related to lovger achievement le\(_els (McClos s léiéj and

to lower enrollments in elective scierjce courses, factors contrrbuting to negative attitudes must

be understood and ameliorated: Three types of factors have been identified: social (role models

. and sex rolestereotyprng) educatronal(enrollment patterns; parent/teacher expectatlons class-

H

room and extracurricular act1v1t1es) and person (spatial v1suahzatlon) These specific factors

have beermr selected because research substarftiates their effects on the learmpg of science by

women. ‘ E . o .
. . M . L I : .

~

Socretai Factors : S . s

‘One $ocietal factor affecting attitudes toward, aghlevement in, and attrition from science by
women may bethe lack of role models (VanFossen 1977 Smrth 1974 Graham 3970) In 1950 N

of Labor. 1980): Skolnick; et al: (1982) relate that although gomen | constitute 71% of teachers and

-:89%. of secretarie, tgey make up only 4% of ‘engineers and 1:2% of electricians. In secondary

. schools only 249% of sciente teachers are women, and it may be assulned that most of them teach

blology Female role models are'n®t prevalent 4n science. . |

"However,;-Vockell and Lobonc (1981) in a study of coeducationaland girls* +Sehools found -

that the presence or absence-of female science teachers did not 1n7fluenc7e7grrlﬁsﬁenrolﬁlr’@pt or
achievement in science. Rather, they'found evldenl:e tHat sa)qrole stereotypes were instrumental
in influencing girls’ choices of science courses and careers. They studied t’hée;ffect‘qf a female's
‘using sub]ects enrolled in coeducatronal public schools and in girls’ schools; run by religidus
orders. |

Clrls in publlc schools selected sub]ects tradmonally v1ewed as mascurne such as calcu-
lus, chémistry, and physigcs less often than males; and in spite of equal abilities; they performed
less Wﬁll tl'?n their male peers. Concommitantly, fewer indicated an interest in. ‘masculine’
careers Such as engineer, physicist, or mathematician. Other science areas traditionally -are
stereotyped as neutral these 1nclude most medrcﬁl and the brologrcal areas erls m coeduca'

careers in the life sc1ences ) <

N

] perceptron of a field as ‘masculine;’ ‘femjnine;’ or ‘neutral’ on her academic and career cho?es ]

N

In single sex schools, the drfferences noted above were not found In an envrronment where .

. they were. rfot soc1ally ostraclzed for success ina f1eld percelved as mascullne, glrls enrolled K

addltron.,they indicated interest m a range of sqentrfrc and techmcal careers. i
Studies in Gréat Britain also report the effect’of sex stereotyping on the enroMments of grrls

in scierice; partrcularly physwalscrende classes (Ormerod; 1975; Entwistle & Duckworth; 1977).°

Research #n this area suggests ‘that sex stereotyping is ,more marked in coeducational schools

because students in t..hat enwironment are more likely to “‘acquire a percelve;d gender’’ (Entwistle
& Duckworth; 1977; ps 70): . ;

E’ducatzona] Fét:tors

scores on the two recent National Assessmerit surveys in scienice and mathematics are directly
proportronal to the number of semmester hoiirs taken in scienice and mathematics courses. For

“example, 6n the whole, females take one- -third of a semester less mathematlcs and one-half of a

semester less science than males, and this fact alone accounts for the achievement differenices.
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. 1976). Bowyer states fliﬁt bbysins ;

P R * : ’ '

As Fox (1980) explams, comparlsons of mathematlcal abnhty between 1 7-y€ar- -old boys and glrls
are truly comiparisons betw udents With 3-3 years of mathematics and those with 1-2 years
of math: In a typical schooﬁ ict girls may outnumber boys in advanced eighth grade math

wice as many boys as girlsare enrolled in calculus (Skolnick, et al.,

classes, but by twelfth grad

1982) Many researchem hink that the lack,of courses in mathematics effectively eliminates

most women from caret;rsm the sciences (Iker, 1980; NSF, 1

m caregrs 0; Boywer, in Trowbridge, et al,,
1981): Lack of tramm A mathematlcs may explain Head’ ’s fmdmgs that although’ females

.comprlse over Qir ofall students n hlgher education in Bhgland, they account for less than

. one of every seve der duates in physncs and for fewer than one in six in chemistry (Head,

1979). Skolnick; et uggest that in this country, dlfferenees in number of mathematics courses -

may explain why twice as many college-bound senior boys as glrls have had three years of

physical science. Typically; a glrl who wtshes, to pursue advanced science courses finds her fear-\

that ‘girls don’t: bzome stient®ts’ reinforced clearly by the ratio of boys and glrls in the

et al., 1983, p. 40).
Differences in pttrent and in teacher expectatioys. also affect the performance and enroll-}

thent patterns of women m sc1ence Low parental expectatron 7tﬂlaluatlol'l aﬁndﬁencouragement
.may discourage glr;ls\flbm excellipg in scientific areas fGraham; 1978; Kaminski, 1976; Fox;

pol are’*'Valued for thmkmg logically; mdependent& ygrth
self-confidence, and an appropriaje degree of risk taking}’ Glrfs however, are “'valued for their
emotional expregsivesess, sensitivity to others; dependenty; and subjective thmkmg (Bowyer

in Trowbridge, etal.; ¥981, p. 97).In elerﬁentary school and high school; girls and boys interested

in sc1ence are treatecﬁ dtfferently by parerﬁs‘and teachers “Gll‘lS found amblvalerrce lack of

admlrable parflcularly m' terms ‘of P(l:lture economlc status and a successful career’ (Brown,
Aldrich, & Hall, 1979, p. 1). As Skolnick, et al. {1982) explain; “While forboys"math and science
successes can heighten masculine self-esteem, girls must walk a tight rope between prlde in their
achievement on the one hand and a threat to thélr feminine self-lmage and social- support on the
other.” (p. 42) Il

Most crltlcally, however the recent natronal Surveys lgd,lcate mequltles w1t'hm the science
classroom Although achievement dtf&rentes in scienice between boys ard girls are not apparent

-until age 13, differential science experlences are dgx umented as early as age 9. Briefly, by age 9,

rgirls record/srgmflcantly fewer opportunities to work with science materials and instruments, to

observe/natural phenomena. and to participate 'in extracurrlcular science activitiess -

./ Inorder to determme the reason for these dlsparmes in science opportunities, a series of

Sarallel questidns v was analyzed For example, Te3Sponses. to ).tems such as ‘Have you used a

balance?’ and ‘Would you like to wse a balance? were compared. Although many elementary

school girls repart wantlng to observe natural phenomena such as watching & seetl sprout or

skeing the moon through a telescope the percentage of those who have done so is much lower.

They also relate significantly fewer opportumtles to use scientific instruments such as a meter E

-stick; scale; telescope; microscope; compass; stopw tch; and balance, although they WIsh to use

them. In addition, girls have fewer opportunitie in commgn laboratory experi
ences, although their interest in doing such activities is equal to the interest expressed by boys:

Asa i‘esult at age 17, or when they graduate from secondary school, girls have had sxgmfrcantly

fe®ér opportumnities to experimeR}{ with magnets; electrrcrty, heat, solar energy, and erosion °
: [NAEP, 1978b). Furthermore, theréds a clear difference in girls’ participation in tradltlonally

feminine versus masculine tasks. Although secondary school gir]s respond far below the nation-*
al averages concermng e§per1ences with electrical or mechanical tasks; they respond‘above 1t in
number of times they have cared for an unhealthy plant or animal. :

) A slmnlar a'halysls of extracurrlcular scrénce activities also reveals marked dlfferences :

boys i all extracurncular sclence activities assessed Females range from 1.3% to 7. 6% below
the na{r:nal,mean of dctivities suich asg;vatchmg TV sctence shows; reading books, magazines;

and newspaper articles on science; and

R

. N . '
. . . . - - .
PR s - - -
. N ‘ . * . .
L R - .

° partlclpate in comman laboratory expErl-,

rkmg with §cienice projects or hobbies (NAEP 1978b). -

Iq
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In addition, although girls indicate an interest in taking a variety of science related field trips;
o fewag girls have opportunities tg do so. This la'cs of extracurricular science experiences aug- -
T ments the overall deficiency in science for girls.\ | ; i -

Personal Factors : _ ,
_ A wide range of studies indicate that women are slightly more field dependent than‘mqe.

and others suggest that more women score on the external end of the locus of control scale.

However, fesearch has indicated that these differences are not extreme dnough tp affect, the
entrance and success of women in science (Witkin; el al:; 1977; Kahle; 1982). Another personal

variable has been suggested. According to Maceoby & jacklin (1974); the average score of a group

- of males is slightly higher than that of a group of females on tests measuring spatial wisualization.
v -Spatial visualization may be défined as the ability to manipulate an object or pattern in the
imagination. Some researchers maintain that male spatial abilities are responsibie for the higher

achievement afid interest levels boys express in math and science (Skolnick; et al:, 1982):
Treagust’s research cohcerning infralogical groupings suggests that lower science achievement !

- levelsof 13 and 17-year-old girls are related to their slower development &f spatial visua lization:

: He maintains ‘that lower spatial abilflies of,teen-age girls are due to slower developmental
7 patterns rather than to the school curriculum which in the lower grades is largely the same for all
. students (Treagust, 1980). . S ) g
~_However, two recent.reports dispute his findings. First, Linn’s (1982) meta-analysis of
spatial ability research by gender reveals no significant differences between males and females.
 before, during, or after puberty. In addition, the National Assessment data reported here indicate ~  °
that girls and boys do not have equal experierices with science materials within science class-

z

rooms; such opportunities are critical in the developmerit,of spatial abiljties. Fenneman &

- + Sherman (1977) state that "‘covarying out thé differenges between the sexes in number of space
related courses taken eliminates the sex-related differefices in spatial visualization.’ This is

i consistent with the hypothesis that practice and relevant experience are factors in the difference

between the sexes in-spatial visualization” (p. 66). Skolnick, et al. (1982) maintain that experi-

+ .ence with manipulative materials such as donstructing and examining three-dimensjonal striic-

tures; grapling; and modeling are critical to the development of spatial visualization skills.
e A N I : ) 4
. o ’\ , Implications : :
"\ ¢ Alhough socictal. sducational. and possonal factors have boen identified which affect the
‘ science education of women; remedi®s are possible within the science classroom. The National

:i‘ - Assessment data concerriing girls’ experierites with, activities ig, and understanding of scienice

' . yindicate that different teaching strategies must be adapted from kindergarten through graduate :
: %jsahool For example, laboratory and demonstration activities which provide spatial Experjences .
- may enhance the spatial abilities of females. As Treagust (1980) points out; *A stadent with - o
poorly developed spatial abilities should not be taught primarily by verbal means'(p. 95). -
. . SKolnick, et al. {1982) suggest a variety of scignce activities wHich range from recognizing similar ~

7+ - shapes from different perspectives to converting two-dirtrensional patterns to three-dimensional . ¢

. : objects and vice versa. In addition, girls must be encouraged to enroll"in mechanical-drawing; - 5.~
N . industrial education, and-other courses which have éb%%&jiiéi designed to develop spatial, ‘
abilites,. @ , e « s\ T o
" Inscience coufses, la’b’cjjrgiéjj y groups must begarefully structured so that 'g'iflé,éi:’t@iy work ", 5\
with science apparatus. Instruetors can pair boys With boys and.girls with girls during science - .
' gxperiments.and recruit females to do science demonstrdtions. According to Skolnick; etal. *
- (1982), “‘Single sexX groups are importart because gjrls have not had the informal math and
- < science experiences boys have had and may be ‘intimidated in mixed-sex competitions,’ (p. 55). ~ ~
. After girls have athieved more confidehce, teachers may implement mixed-sex groups. 5 .
T . Science teachers as well as school counselors and administrators' must guard’ against .~ % w .
' unconscious bias4n their, presentation of science courses and careéis or in their schetluling of
X science classes: Fqr example, physics should nodconflict with hianiors English, advanced French; :
. . . [ I

> _
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er other courses traditionally selected by girls. The written and verbal use of ron-sexist language
in the classroom as well as in the text and otheg instructional iateria;s is critical. Furtftermore,
the contributions of women must be portrgfed seriously in narrative,as well as illustrative

matgrials. The inclusion 6f women photographed in lab coats is inadequate; their real coytribu- &

tions must be disCussed. Research indicates that the sex-role gtereotyping of scignee as a
masculine endeavor is one of the most powerful deterrents to adolescent girls enrolljng and

excelling in-science courses. If the repeated message from teacher and text is that scientists are - -

males, adolescent girls, unsuré o; their femininity, will shy away from science or, if errolled;
perform poorly. U7 o« , S
Scignce education for girls must be augmented also by extra-curricular science activities.

Scotts, Boys Cliibs, or other groups. Participation inthese groups may be partially responsible *-~

for the differenices in field trip experiences between boys and girls; Male groups-are more likely
than their female coynterparts to visit weather stations and electric plants apd'to db electrical
and mechanical profects. - © © ; : B} N
.. Although the functiofi of role models has bgen questioned in improving attitudes toward or
ini increasing the number of women in science; many studies suggest a positive effect. Recently

both the National Scidnce Foundation:(1982) and the American Association of Physics Teaghers
(1975) have developed films and slide/tape presentations of women in science. These'should be
included in the science curriculum. In addition, universities such as Stanford University and
Massachusetts Institute of Technology have Successfulty used undergraduate women in science
and engineering to recruit high school gigls to those fields. Perhaps, the most effective role
models for science classes are women or girls only a few ‘stages ahead of one’s students, Gitls
might form science clubs at both the elementary and junior high levels to encouragd those in the .

lower grades. Social perceptions of acceptance and *belonging’ could be fosteredi and perhaps -

the negative attitudes developed between age 9 and 13 could bg ameliorated. During the early
high schioel years; dirls should have the 6pportunity to speak with Both collegiate undergraduate
and graduate w&men in science as well as professional female sciéntists and engineers. ~ °
" Stummary - ol »

~ The majority;of our citizens éﬁfﬁH)iﬁ-féWéf;iéiéﬁté courses. perform fewdPscience activi-
ties; achieve at lower levels in science’classes, uniderstand sgience less well, and have negative
attitudes about the role of scienge in their 1'Li{é's,a'rid$i‘§{sbj;iéty. Research indicatés the causes of :
this situation; and a synthesis of research findings sugigests possible solutians. The strategies.
suggested in this paper to alleviate this situation ean occur in every science glassroom. Con-
scious efforts may be needéd.in the beginfiing; but -as students, teachers,gounseio'rs..ﬂi
admipistrators practice these sitategies, they will become routine. The recognition of irrequitics
in science classrooms and-he imRlementation of remedial instructional and curricular strategies
is a critical first step in improving ell as

fie scienice education of women. Science teachers ds well as
egé'a"tiji's of science teachers should be cognizant of these strategies. ; St
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